PHOTO ILLUSTRATION CREDITS: JAREK TUSZYNSKI/WIKIMEDIA COMMONS; ISTOCKPHOTO.COM

NEWSFOCUS
The valley around the 100-meter-wide Green Bank Telescope (GBT) in West Virginia is one of the most radio-hostile places on Earth. Transmissions from cell phone towers, broadcast stations, and other devices that could interfere with the telescope's observations of the cosmos are unwelcome here. Two lines of defense shelter GBT (pictured above) and other telescopes that the National Radio Astronomy Observatory (NRAO) operates in Green Bank. First, the Appalachian Mountains block radio transmissions from towers to the southwest. Second, in 1958, the U.S. Congress designated a 34,000-squarekilometer expanse around Green Bank as a National Radio Quiet Zone (NRQZ). Transmitters that could cause radio interference for telescopes at Green Bank are forbidden by law. Cell phones don't work here.
But this haven for radio astronomers is under attack. Over the past decade, Green Bank has faced increasing interference from mobile wireless devices, including Wi-Fi modems and Bluetooth, satellite radio channels like XM and Sirius, global positioning systems, and other radio sources not covered by the 1958 law. Last year, the switch to alldigital television broadcasting in the United States-a bigger cause of interference than analog signals-added to Green Bank's troubles. Meanwhile, traditional sources of interference such as airplanes and satellites continue their barrage.
Intrusive emissions routinely contaminate data from cosmic radio sources, leaving astronomers to sort through the confusion. In the worst instances, the interfering signals can be strong enough to wipe out several hours of observation in a single stroke, as NRAO astronomer Scott Ransom learned 5 years ago while using GBT to look for pulsars. All of the data from a full night of observing were ruined by what turned out to be a strong Wi-Fi signal from a house nearby. Skiing on Snowshoe Mountain the next day, Ransom found out that the house belonged to the friend he was skiing with: an NRAO engineer who had illicitly installed a wireless modem at home. "He looked very sheepish," Ransom says.
The noise problem at NRQZ is shared by radio telescopes around the world, most of which lack Green Bank's protections. Unfortunately, the more sensitive radio telescopes become to detecting weak signals from space, the more vulnerable they are to humanmade interference. "We're seeing an exponentially growing use of mobile and other wireless devices, even in the relatively desolate areas where most radio telescopes are located," says Andrew Clegg, an offi cial with the U.S. National Science Foundation in Arlington, Virginia, who works to promote the use of the radio spectrum for science. The resulting competition for spectrum, Clegg says, has developed into a signifi cant challenge for radio astronomy.
Astronomers have been developing a slew of solutions to meet that challenge. They include electronics that help radio receivers tolerate data-threatening power surges, fi lters to avoid frequencies at which interference is likely to occur, and ways of making telescopes and telescope arrays selectively blind to signals coming from certain directions in the sky to cancel out interference from satellites and airplanes.
In addition, astronomers and radio engineers are coming up with new and improved techniques for subtracting interference from data after it has been collected. And observers at Green Bank and elsewhere are also working out human solutions: negotiating with local communities to reduce interference and silence it altogether for short durations to allow key observations.
Lines of defense
The technical fixes start in a telescope's amplifiers. Because radio signals arriving at a telescope's antennae from a cosmic source are usually quite faint, they must be amplifi ed several-fold before they can be processed. For the data to be usable, the amplifi cation needs to be linear-that is, it must multiply the input signal by some constant factor. However, every amplifi er has an upper limit beyond which an incoming signal no longer produces linear output. A strong enough interfering signal can ratchet the input past that upper limit. "If the amplifi cation is no longer linear, then all of your data goes bad," explains Bob Hayward, an NRAO engineer.
To guard against such spikes, researchers have been developing amplifiers with higher upper limits, or greater "headroom. with wide-range digital amplifi ers; older telescopes have also been upgrading their electronics against interference.
Once the data have been protected, astronomers must detect and weed out the interfering signal. Traditionally, astronomers had to do much of this manually, painstakingly inspecting the data for anomalous spikes and deleting those portions. Increasingly, that task is being handled automatically and with greater precision.
A lot of interference is transient, such as a burst of emission from an aircraft fl ying overhead, explains Ger de Bruyn, an astronomer at the National Institute of Radio Astronomy in the Netherlands, which manages LOFAR. The latest digital electronics enable LOFAR's antennae to collect data with very high time resolution-across windows of time that are as short as nanoseconds. This allows LOFAR to remove with great precision those bits of data where interference has occurred, in effect preserving a much bigger percentage of the observed time than would have been possible in the past. "We have the potential to work down to 5 nanoseconds," de Bruyn says.
There have also been steady improvements in software designed to spot interference, led by groups such as one headed by Dale Gary, an astrophysicist at the New Jersey Institute of Technology in Newark. "The thing we're taking advantage of is the statistical nature of the varying voltages coming out of the telescope," Gary says. Voltages from cosmic radio sources, he explains, tend to form Gaussian distributions; those from earthly signals don't. Gary and his colleagues at Korea Astronomy and Space Science Institute have developed an interferencelocating algorithm that quickly determines whether a stream of signals is Gaussian. It's being used at the Owens Valley Solar Array in California.
Other approaches take weeding out a step further: blocking out whole patches of the sky while continuing to observe the rest. Researchers led by Brian Jeffs, an electrical engineer at Brigham Young University in Provo, Utah, have developed a technique that uses an array of antennae to locate the direction of an interfering signal such as airplane or satellite transmissions. "Before the image is formed, we run the data through a processor that combines the signal from all of the antennas in a way that blocks out the interferer," Jeffs says. The technique has been tried successfully on a 20-meter telescope at Green Bank; a similar technique is being implemented by LOFAR.
Another simple approach is to fi lter out interfering frequencies. For his observations of pulsars, NRAO's Scott Ransom has taken to using a fi lter that blocks frequencies between 2 and 2.2 GHz-the range of many wireless devices. "I certainly lose something as a result," he says. "I could defi nitely get more sensitivity if I could use the entire band."
Eternal vigilance
Many radio observatories have spectrum managers whose job includes preempting the destructive effects of interference on their instruments. For example, when a NASAfunded satellite called CloudSat was scheduled for launch in 2005, managers at the Very Long Baseline Array (VLBA)-10 radio dishes laid out across about 8000 kilometers of the United States-fl agged it as a threat. CloudSat was to use a frequency of 94 GHz; VLBA's receiver covered a range from 80 to 96 GHz. A couple of VLBA antennae pointing straight up at the sky-90 degrees from the groundcould have been fried by CloudSat's signals. "We changed those antennas to stow at 88 or 87 degrees, like the rest of the array, which precludes the satellite and the VLBA antenna looking straight at each other," says R. Craig Walker, an astronomer with NRAO in Socorro, New Mexico, where VLBA is headquartered. The potential damage to VLBA from CloudSat had been averted, although astronomers would still have to weed out interference from the satellite's signals.
Where possible, observatory managers and astronomers have negotiated with nearby communities to reduce or silence interference. At the Giant Metrewave Radio Telescope in Pune, India, for example, administrators were able to get cell phone towers within 20 kilometers of the telescope to shift to a frequency that doesn't hinder GMRT's operations. Local offi cials have also agreed to help keep hightension power lines free of stray wires, another pesky source of interference. At Green Bank, an Interference Protection Group led by Carla Beaudet has persuaded some local Wi-Fi users to switch to wired Internet connections by offering them free high-quality modems.
"Most people are excited about astronomy and are usually willing to help reduce their transmissions," says Nissim Kanekar, an astronomer with NRAO in Socorro who has used GBT to study distant galaxies. Two years ago, Kanekar was scrutinizing a highredshift galaxy for signs of a certain spectral line that would have helped him probe changes in fundamental constants such as the fi ne-structure constant over a long period of the universe's history. The problem was that the line was expected at 855 MHz, within a band of frequencies subject to interference by transmitters of American Electric Power (AEP) located just outside Green Bank's radio-quiet zone. Kanekar contacted AEP, which agreed to switch off transmitters to allow observations over weekend nights. When that didn't do the trick, the company obliged with more-extensive shutdowns. "I am still processing the data right now but am quite hopeful that we'll be able to see the line, which would be fantastic," Kanekar says.
The wireless and satellite revolutions continue to throw up new challenges. NRAO's Harvey Liszt notes that automobiles with adaptive cruise control use powerful radar at 76 MHz to maintain a safe distance from other vehicles. "One of these cars could destroy a radio telescope," says Liszt, who is thankful that the feature has not penetrated the market too far yet. Last year, after Toyota petitioned the Federal Communications Commission to allow higher power radars on cars, Liszt fi led a comment alerting authorities to the threat to radio telescopes.
That's why makers of new radio telescopes like the Square Kilometre Array are drawn to remote, sparsely populated sites: places such as Western Australia and the Northern Cape province of South Africa, whose governments have promised to protect them from interference. Outside such radio-quiet oases, however, astronomers must continue to contend with satellites, cell phones, digital TV, and the rest of the 21st century's blaring conveniences.
-YUDHIJIT BHATTACHARJEE Constrained. NRAO astrophysicists Nissim Kanekar (top) and Scott Ransom have had to deal with interference from satellites and wireless devices in their studies of distant galaxies (above, left) and pulsars (above, right).
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